Flavor structure of soft supersymmetry breaking parameters is studied in a certain type of effective supergravity theory derived from the moduli/dilaton dominated supersymmetry breaking. Some interesting sum rules for the soft scalar masses are presented.
Introduction
In supersymmetric theories soft supersymmetry breaking parameters play the crucial roles [1] . Their phenomenological features are completely dependent on those parameters. This means that low energy phenomenology can reversely put the strong constraints on these parameters and may also give some informations on the fundamental theory at the high energy region, which determines the structure of soft breaking parameters.
Especially, the constraints coming from the rare phenomena such as the flavor changing neutral current(FCNC) [2] and the electric dipole moment of neutron(EDMN) [3] are very severe. Because of these reasons the universal and real soft supersymmetry breaking parameters are usually assumed to analyze various phenomenological aspects of the minimal supersymmetric standard model(MSSM). Up to now in many works the flavor structure of soft breaking parameters have been discussed on the basis of suitable fundamental frameworks [4] . They mainly treat how the universality of soft scalar masses are realized at the low energy region.
Recently it has been noticed that in superstring theory the soft supersymmetry breaking parameters are generally nonuniversal [5, 6, 7] and their various phenomenological consequences have been studied in that framework [8, 9] . These works show that nonuniversal soft breaking parameters bring rather different phenomenological feartures in comparison with the universal ones. In this situation it seems to be very interesting to study the more detailed flavor structure of these parameters on the basis of certain fundamental frameworks. Flavor structure of soft breaking parameters seems not to have been studied enough beyond whether they are universal or not. This is, in part, because of the above mentioned phenomenological constraints and also the predictivity of the theory. However, there can be various flavor structures even if the phenomenological constraints are imposed. FCNC constraints, indeed, only require that the mass degeneracy among squarks with the same quantum numbers. This point should be in mind when we consider the FCNC constraints. Nonuniversality between the squark masses with different quantum numbers can bring various interesting results as suggested in [9] .
In this paper we study the flavor structure of soft breaking parameters of a certain type of effective supergravity theory which is derived from the moduli/dilaton dominated supersymmetry breaking in superstring [6, 7] . This recently proposed framework has some advantages. We can use it without the knowledge of the origin of supersymmetry breaking.
Furthermore, within this framework it can give us rather detailed informations on the soft supersymmetry breaking parameters. As its result it makes us to be able to extract their concrete flavor structure as seen in the following discussion. Taking account of these aspects, the study of soft supersymmetry breaking parameters based on this framework now seems worthy to be done more extensively from various points of view. The results we present in this paper are derived under strong assumptions which, however, are expected to be applicable to rather wide class of superstring effective models.
In the followings at first we briefly review the derivation of soft breaking parameters in the case of moduli/dilaton dominated supersymmetry breaking, which we take as the basis of our argument. After that we present our basic assumptions. Next under these assumptions we derive soft breaking parameters refering to their flavor structure. Using these results, we give interesting sum rules on their flavor structure and discuss the consequences brought from them. Finally we study their alignment phenomena due to Yukawa couplings and discuss their effects on the low energy physics briefly. The last section is devoted to the summary.
2 Soft SUSY breaking parameters
General formulae
We begin with briefly reviewing the general structure of soft breaking parameters in the case of moduli/dilaton dominated supersymmetry breaking. Various works based on the superstring theory and also general supergravity theory suggest that the soft supersymmetry breaking parameters are generally nonuniversal [5, 6, 7] . Low energy effective supergravity theory is characterized in terms of the Kähler potential K, the superpotential W and the gauge kinetic function f a . Each of these is a function of ordinary massless chiral matter superfields Ψ I and gauge singlet fields Φ i called moduli 1 , whose potential is perturbatively flat as far as the supersymmetry is unbroken.
Usually it is assumed that the nonperturbative phenomena such as a gaugino condensation occur in a hidden sector. After integrating out the fields relevant to these 1 Here we are using the terminology "moduli" in the generalized meaning.
. Throughout this paper we will use this termonology as far as we do not state it.
phenomena, the Kähler potential and the superpotential are expanded by the low energy observable matter fields Ψ I as,
where κ 2 = 8π/M 2 pl . The ellipses stand for the terms of higher orders in Ψ I . In eq. (2), W (Φ) andμ(Φ) IJ are considered to be induced by the nonperturbative effects in the hidden sector. Using these functions the scalar potential V can be written as [10] ,
where G = K + κ −2 log κ 6 |W | 2 and the indices α and β denote Ψ I as well as Φ i . The gravitino mass m 3/2 which characterizes the scale of supersymmetry breaking is expressed as
In order to get the soft supersymmetry breaking terms in the low energy effective theory from eq.(3), we take the flat limit M pl → ∞ preserving m 3/2 fixed. Through this procedure we obtain the effective superpotential W eff and the soft supersymmetry breaking terms
In the effective superpotential W eff , Yukawa couplings are rescaled as h IJK = eK /2h IJK and a µ IJ parameter is effectively expressed as
The soft breaking terms L soft corresponding to W eff is defined by
where ψ I represents the scalar component of Ψ I . Each soft breaking parameter is expressed by using K and W as follows [6] 2 ,
2 It should be noted that these soft breaking parameters are not canonically normalized because a kinetic term of ψ I is expressed as
where F i is an F-term of Φ i and ∂ i denotes ∂/∂Φ i . V 0 is the cosmological constant
. From these expressions we find that these soft breaking parameters are generally nonuniversal and their structure is dependent on the form of Kähler potential, especially, the functional form of Z IJ .
The gaugino mass M a is derived through the following formula [10] ,
where the subscript a represents a corresponding gauge group. In the superstring effective theory it is well known that f a = k a S at the tree level, where k a is the Kac-Moody level.
It starts to depend on M i through the one-loop effects [11] . This fact and eq. (10) bring an important result. That is, if the dilaton contribution to the supersymmetry breaking is large, the gaugino masses become large. On the other hand, if gaugino masses are large enough, the difference among the squark masses disappears at the low energy region due to the radiative effects of heavy gauginos. In this paper we are mainly interested in the nonuniversal soft scalar masses. Thus in the following discussions we assume the small gaugino masses implicitly.
Here it is necessary to make some comments on the application of these formulae to the MSSM context. The chiral superfields Ψ I represent quarks and leptons 
The first term of eq. (12) represents the mass terms of all scalar components (z
In the last term λ a are the gaugino fields for the gauge groups specified by a(a = 3, 2, 1).
As seen from the general expressions of soft breaking parameters (7)∼ (9), their structure is determined by the moduli dependence of Z IJ and W . 3 In order to apply these general results to eq. (12) and proceed further investigation of their flavor structure, it is necessary to make the models more definite by introducing some assumptons.
Assumptions
Our basic assumptions are followings:
(i) we impose the simplest target space duality SL(2, Z) invariance
for each usual modulus M i . Under this target space duality transformations (13) the chiral superfields Ψ I are assumed to transform,
where n i I is called the modular weight and takes a suitable negative value [5] . This requirement also results in the invariance under the following Kähler transformation,
(ii) Kähler metric and then the kinetic terms of chiral superfields are flavor diagonal
(iii) the coefficient functionsh IJK ,μ IJ , Y IJ of the superpotential and Kähler potential are independent of the moduli fields whose F-terms contribute to the supersymmetry breaking, that is,
3 Only known exception is the dilaton dominated supersymmetry breaking.
The second assumption is satisfied in the almost all known superstring models as suggested in [7] . The third one is a pure assumption at this level. Under this assumption the superpotential W , except for aŴ part, can depend only on moduli which do not contribute the supersymmetry breaking and as its result, for example, Yukawa couplings h IJK can be dynamical variables at the low energy region as discussed in ref. [12] . These assumptions are rather restricted ones but they may be expected to be satisfied in many known superstring models. Moreover, they can induce very interesting features to the soft breaking parameters as seen in the following parts.
In order to parametrize the direction of supersymmetry breaking in the moduli space, we introduce the parameters Θ i which correspond to the generalized Goldstino angles in the moduli space [7] . They are defined as
where we take the κ = 1 unit. N is the number of usual moduli
In the followings we assume C = 1 and then V 0 = 0. The introduction of these parameters makes it possible to discuss the soft breaking parameters without refering to the origin of supersymmetry breaking.
Sum rules for soft scalar masses
In the presently known superstring modelsK can be generally written aŝ
On the other hand, if we apply the assumptions (i)∼(ii) to Z IJ in Kähler potential K, we can constrain the functional form of Z I as
Using these facts in eqs. (7)∼ (9) and normalizing them canonically, we can write down the soft breaking parameters as
where the indices I and J represent the flavors
. In these formulae n 0 I = 0 should be understood since we do not consider the transformations such as (13) and (14) for a dilaton.
Taking account of the functional form ofK in eq. (20), the assumption (i) requires (15) . As a result, eq. (16) shows that the superpotential W and then its coefficient functionsh IJ andμ IJ transform as the modular forms under the duality transformation of the moduli fields
The assumption (iii) requires that the modular weights ofh IJ andμ IJ for the moduli M i which are relevant to the supersymmetry breaking (F i = 0) should equal to zero. This results in the following relations
for each i( = 0). Flavor indices I and J in eq. (28) should be taken as the ones composing each Yukawa coupling in eq. (11) . After substituting these relations into eqs. (22)∼ (24), we obtain the formulae for the soft breaking parameters,
The results for the parameters A IJ and B are similar to the ones obtained in the case of dilaton dominated supersymmetry breaking. These features are brought by the assumption (iii). Although the soft scalar masses are flavor diagonal, those values are nonuniversal differently from the dilaton dominated case. Their nonuniversality is determined by the modular weights of the relevant fields, which are completely model dependent. This feature seems to make the model independent study of the flavor structure of soft scalar masses difficult in the present models. However, it is remarkable that by constructing the sum rules from these formulae we can easily extract some informations on the flavor structure for the soft scalar masses in the model independent way. We present here two sum rules at M pl ,
where for these derivations we used the above constraints (28) and (29) on the modular weights. These sum rules for the flavors are satisfied in each generation(α = 1 ∼ 3).
Although these sum rules become trivial in the universal case, in the nonuniversal situation they can give us the useful informations on the flavor structure of soft scalar masses. Especially, the latter sum rule (38) gives us very interesting insights of the flavor structure in the quark sector.
At first it shows that we can not impose the relationm increase. For example, we assume that the soft scalar masses of the first two generation 5 The similar sum rules are derived in [13] . However, the flavor structure is not explicitly discussed there.
with the same charge are degenerate each other and
In this situation from eq.(38) we havẽ
This feature can bring the nontrivial results at the weak scale through the dynamical effects at the low energy region as seen in the next section.
Furthermore, since the sum of squark masses is constrained to be constant irrelevantly to the generation, if the soft scalar mass for one flavor, for example,m 
Soft scalar masses with this feature have been shown to have various interesting phenomenological implications [9] .
In next section we will study the low energy implication of these structures. In this study we will consider the alignment of soft scalar masses in the flavor space which has recently proposed in ref. [15] .
3 Alignment of soft scalar masses
Flavor symmetry
We start this section with the discussion on the flavor symmetry of the system defined by the Kähler potential (1) and the superpotential (2). What we refer to here as the flavor symmetry is the invariance under the following transformation,
6 It can be shown that this kind of hierarchical soft scalar masses can be realized if we consider three moduli case in orbifold models [14] .
where Ψ fα stands for Q α , U α , D α , L α and E α (α = 1 ∼ 3) and S (f ) is an element of U(3).
Thus the full flavor symmetry of our present models is U(3) 5 . Needless to say, Yukawa couplings in the superpotential break this symmetry. Even if we switch off these couplings, this symmetry is also broken in the kinetic terms unless Z IJ is proportional to the unit matrix. And this condition is not generally satisfied in the present models. However, there may be an alternative possibility. If there are some relations between the moduli space and the flavor space, the moduli dependence of Z IJ may restore the symmetry.
That is, it may be expected that
) also tranforms simultaneously under the transformation (42) as
and then this can be a symmetry of the system.
If such a situation is realized in the present supersymmetry breaking scenario, VEVs of moduli F-terms and then the soft supersymmetry breaking parameters will cause the breaking of this flavor symmetry as well as supersymmetry. In these breaking processes the dynamical degrees of freedom corresponding to the Goldstone modes of this spontaneously broken flavor group will remain undetermined unless the explicit breakings exist. However, there are Yukawa couplings in the real world. As its result the phenomena known as the alignment occur to settle the remaining undetermined degrees of freedom in the soft breaking parameters at the low energy region. Recently, this possibility has been suggested in the general framework of the supersymmetric models assuming the existence of the corresponding flavor symmetry [15] . In the remaining part we study the alignment of soft breaking parameters in the present models. In this study we assume the transformation property (43) in the moduli sector as the starting point of our argument. to Z IJ in the kinetic terms can not be suppressed by Λ and make the scenario in [15] not to work. From this reason we will adopt this assumption, although the existence of such a proprety has not been known in the superstring models by now.
Alignment in the flavor space
As seen from eqs. (30) 
where from the definition of the Yukawa couplings (11) To study this determination process we adopt Wilsonian approach to the low energy effective theory. Following ref. [15] , the low energy effective potential which can be derived by such a prescription is
where V Λ is an S (f ) independent part and M represents a mass matrix of the fields in the theory at the scale Λ. The ellipses stand for the higher order correction terms which are irrelevant in the present approximation. One-loop β-functions β
M for the masses of the relevant scalar fields are given in ref. [16] , T rβ
where the ellipses stand for the S (f ) independent contributions. Following (44), the soft scalar masses in these formulae are expressed in the Yukawa couplings diagonal basis by using the nonlinearly realized Goldstone modes S (f ) as follows,
where K is the Kobayashi-Maskawa matrix. Using these we can write down the S (f ) dependent part of this effective potential,
Here it should be noted that the A F contribution to V eff disappears in eq. (48) because A F appears as the unitary invariant forms in the effective potential in this approximation level. The flavor structure of soft breaking parameters at the weak scale are determined through eq.(44) by using S (f ) which minimizes this effective potential.
As easily proved for the diagonal matrices X and Y , T r(
is aligned so as for their eigenvalues X i and Y i to be ordered in such a way that X i ≤ X j and Y i ≤ Y j are simultaneously realized for the diagonal component labels i < j.
We are considering the effective potential (48) 
As found from eq.(44), these facts show that the A-parameters in the squark sector are not generally propotional to the Yukawa couplings, although A L in the lepton sector is propotional to h L .
Here we should remind again that in our models the following condition for Σ (f ) is satisfied in the generation independent way,
and then the eigenvalues of Σ (f ) are not necessarily ordered in their magnitude increasing way for all f as mentioned before. In that case the minimization of the effective potential determines S (f ) ( = 1) so as to exchange the eigenvalues according to the order of their magnitude. The existence of the Kabayashi-Maskawa matrix K makes this situation more subtle. These make the flavor structure of A-parameters somehow complex at least in the squark sector.
The squark sector
We study the squark sector in more detail. The squark mass matrices in u-squark and d-squark sectors can be written as,
where m f andm f are masses of the f -quark, the corresponding left-handed squark and the right-handed squark mass matrices, respectively. These squark mass matrices can be explicitly determined in our models. We show this by using a typical example.
As discussed above, no matter how eigenvalues of Σ (f ) are ordered in the squark sector, under the condition of (49) we obtain the nontrivial results for S (Q) , S (U ) and S (D) as far as the Σ (f ) has the nondegenerate eigenvalues. Our interest is in the nontrivial case where the eigenvalues of Σ (f ) are not ordered according to their magnitude. As such a typical example, we take 
For this
becomes diagonal with increasingly ordered eigenvalues as in the case ofŪ andD sectors.
anymore. After some algbra for the minimization of the effective potential, we obtain
where X ∼ −V ts m 
This shows that the effect of K = 1 is very small and S (Q) † Σ (Q) S (Q) can be regarded as diagonal in the good approximation even in the Q sector. However, it should be noted that the degeneracy between the first and second generation squarks in the Q sector at M pl is lost at the low energy region.
If we use eq.(44), we can explicitly calculate the A U and A D for this example as
where ∆ is defined as ∆ F = ∆h F . This result shows that A U and A D can have rather large off-diagonal elements unless From this example we learn that if the flavor alignment occurs in the squark masses, the good degeneracy between the masses of the first and second generation squarks at M pl can be lost at the low energy region. This shows that the good degeneracy at M pl among three generation squarks with the same quantum numbers may be necessary to satisfy the FCNC constraints.
The consideration like this can give us more insights for the soft scalar masses. Finally we present such a typical example in the nondegenerate case. Taking account of the alignment effects discussed above, if we assumẽ
at the scale Λ, these relations are preserved at the weak scale. It is favorable to satisfy the FCNC constraints. On the other hand, the sum rule at Λ and the alignment effects
at the low energy region. This suggests that in the present model it is difficult to make
light enough in comparison with other right handed U sector squarks.
Summary
We studied the structure of soft supersymmetry breaking parameters in the effective theory derived from the moduli/dilaton dominated supersymmetry breaking. In particular, we focussed our attension on the flavor structure of soft scalar masses. Under certain assumptions on the moduli dependence of Kähler potential and superpotential we obtained the sum rules on the soft scalar masses, which gave the interesting relation among different flavors in the model independent way. We showed that from these sum rules we could extract some typical features when scalar masses are nonuniversal.
We also applyed these results as the initial conditions at M pl to the recently proposed alignment scenario for the soft scalar masses in the flavor space. In these discussion we pointed out that the degeneracy among three generation squarks with the same quantum number might be required at M pl to satisfy the FCNC constraints. Only the good degeneracy between the first and second generation squark masses at M pl may not be necessarily sufficient to avoid the excessive FCNC.
The cosequences induced from the nonuniversality of soft supersymmetry breaking parameters has been studied from various view points by now. Although FCNC constraints require the degeneracy of squark masses among the species with the same quantum number, it does not require the universality more than that. It seems to be necessary to take account of this important point when we study the flavor structure of soft breaking param- 
